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Online European Patent Register - Results 

status of the database as of 13-02-2006 (dd-mm-yyyy) 



Choose your View: j ^^^^ mentioned in Rule 92 and EPIDOS 



Return to Search Screen 
Most recent event 

Change: Appeal number 

Date of entry 05-1 6-2005 

Publication numbers, publication type and publication dates 

EP0481790 A2 22-04-1 992 [1 992/1 7] 
EP0481790 A3 14-04-1993 [1993/15] 
EP0481790 B1 24-02-1999 [1999/08] 
Date of grant 24-02-1999 [1999/08] 

Application numbers and filing date 

EP1 991 0309595 (91309595.6) ^ 
Date of filing 1 7-1 0-1 991 [1 992/1 7] 

Date of publication of search report 
Date of publication of 

search report 1 4-04-1 993 [1 993/1 5] 

Priority number, priority date 

GB 1 9900022543 1 7-1 0-1 990 [1 992/1 7] 
Classification (IPC) and bulletin number 

C12N15/13, C12P21/08, C12N5/10. A61 K39/395. // (C12N5/10, C12R1:91), 
{C12P21/08. C12R1:91) [1992/17] 

Designated states 

AT , BE , OH , DE , DK , ES , PR , GB . GR , IT . LI , LU . NL . SE [1992/17] 

English title 

Antibody production [1992/17] 

French title 

Production d'antlcorps [1992/17] 

German title 

Antil<6rperherstellung [1 992/1 7] 
Designated states, applicant name, address 

FOR ALL DESIGNATED STATES 

THE WELLCOME FOUNDATION LIMITED 

Glaxo Wellcome House, Berkeley Avenue Greenford, 

Middlesex UB6 ONN/GB [ N /P ] 

Inventor name, address 

01 / Page, Martin John / Glaxo Wellcome pic, Gunnels Wood Road / 
Stevenage, Hertfordshire SGI 2 NY / GB 

02 / Crowe, James Scott / Glaxo Wellcome pic, Gunnels Wood Road / 
Stevenage, Hertfordshire SG1 2NY / GB [1 997/1 9] 

Representative name, address 

Baldock, Sharon Claire, et a! 

BOULT WADE TENNANT, Verulam Gardens 70 Gray's Inn Road 
London WC1X 8BT/GB [2000/29] 



Filing language 
Procedure language 



EN 
EN 



Publication language 

B1 EN [1999/08] 

A2 EN [1992/17] 
Location of file and fax number for file inspection requests 

Application is treated in 

(/fax-nr) MUNICH/(+49-89) 23994465 
Examination procedure 

request for examination 29-1 0-1 991 [1 992/1 7] 

request for accelerated 

examination filed 09-02-1996 

- accepted (yes/no) / date yes / 1 8-03-1 996 . 

Examination report(s) A.96(2). R.51(2) 

date dispatch/time- 
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15/02/2006 




1 3-1 1 -1 997/M04/1 4-01 -1 998 
24-07-1 996/M04/22-1 1 -1 996 
1 8-03-1 996/M04/26-06-1 996 



limit/reply 



communication R.51(4) 
dispatched 

- approval (yes or no) 

- later approval 
communication R.51(6) 
dispatched 
payment of fee for 
grant/fee for printing 



29-07-1998 



no 

10-07-1998 



14-04-1998 



16-10-1998/16-10-1998 



Divisional Application(s) 

Divisional 

application/publication 
number(s) 



EP20020076251 /EP1 247865 
EP20040077314/EP1484402 
EP1 9970201 842/EP0822255 



Miscellaneous 



(deleted) [1999/08] 



Opposition procedure 



01 (09-06-1 999)(06-1 1 -2003)-WITH DRAWN 

F. HOFFMANN-LA ROCHE & CO. Aktiengesellschaft 

Grenzacherstrasse 124 

CH-4002 Basel/CH 

REPRESENTATIVE OF OPPONENT 

Jaenichen, Hans-Rainer 

Vossius & Partner, Postfach 86 07 67 

81634 Munchen/DE 

02(26-1 0-1 999)(1 8-1 1 -1 999)-ADM ISS I BLE 
Boehrlnger Ingelheim GmbH Patente 
Binger Str. 173 

55216 Ingelheim am Rhein/DE 
REPRESENTATIVE OF OPPONENT 
Klas, Heinz-Gerd 

Boehringer Ingelheim GmbH, Abteilung Patente 
55216 !ngelheim/Rhein/DE 

03(1 2-1 1-1999)(29-11-1999)-ADMISSIBLE 
Cambridge Antibody Technology Limited 
The Science Park 

Melbourn, Cambridgeshire SG8 6EJ/GB 
REPRESENTATIVE OF OPPONENT 
Walton, Sean Malcolm 

Mewburn E!!is LLP York House, 23 Kingsway 
London WC2B 6HP/GB 

04(23-1 1 -1 999)(1 4-01 -2000)-ADMISSIBLE 
Novartis AG Patent and Trademark Dept. 
Klybeckstrasse 141 
4002 Basel/CH 

REPRESENTATIVE OF OPPONENT 
Gros, Florent 

Novartis AG Corporate Intellectual Property, Patent & 
Trademark Department CH 
4002 Basel/CH 

05(24-1 1-1 999)(24-1 1 -1 999)-ADMISSIBLE 
IDEC Pharmaceuticals Corpn 
11011 Torreyana Rd 
San Diego, CA 921 21 /US 
REPRESENTATIVE OF OPPONENT 
Daniels, Jeffrey Nicholas 
Page White & Farrer 54 Doughty Street 
London WC1N2LS/GB 
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06(24-1 1 -1 999)(06-1 2-1 999)-ADMISSIBLE 
Schering AG 
D-13342 Beriin/DE 
REPRESENTATIVE OF OPPONENT 
Weiss, Wolfgang 

Weickmann & Weickmann Patentanwalte Kopernikusstrasse 9 
81679 Munchen/DE 

07(24-1 1 -1999)(30-04-2001 )-WiTHDRAWN 

SmithKline Beecham pic, Corporate Intellectual Property, SB 

House 

Great West Road 

Brentford, MIddx. TW8 9BD/GB 

REPRESENTATIVE OF OPPONENT 

Sheard, Andrew Gregory 

Kilburn & Strode 20 Red Lion Street 

London WC1R4PJ/GB 

08(24-1 1 -1 999)(07-1 1 -2003)-WITHDRAWN 
Chugai Pharmaceutical Co., Ltd. 
1-9, Kyobashi 2-chome. Chuo-ku 
Tokyo 104/JP 

REPRESENTATIVE OF OPPONENT 

Jaenichen, Hans-Rainer 

Vossius & Partner, Postfach 86 07 67 

81634 IVlunchen/DE [2005/14] 
observation of the proprietor to opposition 
date dispatch/time- 
limit/reply 21-02-2000/M09/01-12-2000 
revocation of the patent A. 102(1 ) 
date dispatch/legal effect 

date 1 8-1 0-2002/1 8-01 -2005 [2005/1 6] 

Date of oral 

proceedings/minutes 1 5-01 -2002/27-05-2002 
Appeal procedure 

Appeal following opposition 
appeal received 1 8-1 2-2002 

statement of grounds filed 28-02-2003 
file number TQ278/Q3-3308 
result of the appeal procedure 
APPEAL OF 

PROPRIETOR REJECTED1 8-01 -2005 
Date of oral 

proceedings/minutes 1 S-01 -2005/21-01 -2005 
Renewal fees 

Renewal fee A.86 (patent 

year / paid) 03/05-08-1993 

04/03-08-1994 

05/04-08-1995 

06/09-10-1996 

07/10-10-1997 

08/1 2-10-1998 
Documents cited in the European Search 

WO8901975 A1 [Y]; 

EP0365209 A2 \A] 

[Y] JOURNAL OF BIOLOGICAL CHEMISTRY. (MICROFILMS) vol. 263, no. 

13, 5 May 1988, BALTIMORE, MD US pages 6344 - 6355 Kaetzel, 

D.M.; Nilson, J.H.; 'Methotrexate-induced amplification of 

the bovine lutropin gens in chines hamster ovary cells.* 

[Y] METHODS IN ENZYMOLOGY vol, 185, 1989, pages 537-566 

KAUFMAN, R.; 'Gene Expression technology; Selection and 

coampllfication of heterologous genes in mammalian cells' 

[XP] JOURNAL OF IMMUNOLOGY, vol. 145. no. 9, 1 November 1990. 

BALTIMORE US pages 3011 - 3016 Wood, Cllve R.; Dorner, 
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Andrew J.; Morris, George E.; Alderman, Edward M.; Wilson, 
Douglas; O'Hara, Richard M„ Jr.; Kaufman. Rand 'High level 
synthesis of immunoglobulins in Chinese hamster ovary 
cells.' 

Documents cited in the Examination Procedure 

WO8901783 A2 

- Colcher et al., Cancer Research 49: 1732-45 (1989) 
[ End of Data ] 
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ANTRAG AUF ERTEILUN6 EINES EUROPAISCHEN PATENTC 
OF A EUROPEAN PATENT /REQUETE EN DELIVRi 

Besiatigung einer bereits durch Telekopie (Telefax) eingereichten Anmeldungy 
Confirmation of an application already filed by facsimile/ 
Confirmalion d'une demande d^jd depos6e par t6t6copie 

Wenn ja, Datum der Otaemimiung der Telekopie und Name der Bnreichungsbehgrde/ 
If yes. facsimile date and name of the aulhortty with which the documents were filed/ 
Si oul, date d'envoi de la t6l6copie et nom de l'autorit6 de d6pOt 



Ja/Yes/a)ui 




,T FOR GRANT 1 
EUROPEEN . 



Behorde/ 
Authority /Autorite 



Nur fQr amtUchen Gebrauch /For official vse only /Cadre r6serv6 d radmmistration 


Anmeldenummer/ Application No./N° de la demande 


MKEY 


1 


91309595.6 


Tag des Eingangs (Regel 24(2})/Oate of receipt 
(Rule 24(2)) /Date de rdoeption (regie 24(2)] 


DREC 


2 


17 OCT 1991 


Tag des Eingangs belm EPA (Regel 24(4)) /Date of receipt 
at EPO (Rule 24(4))/Date de reception A I'OEB (r6gle 24(4)) 


RENA 


3 


29.<l9\ 


Anmeldetag/Oale of fifing /Date de d6p6t 


4 





Tabufatoren-Posltionen /Tabulation marks /ArrSts tfe tabulation 



Es wird die Erteliung eines europaischen Patents und 

genn&fi Artikel 94 die Priming der Anmeidung beantragt/ EXAM 4 

Grant of a European patent, and examination of the 

application under Article 94, are hereby requested/ 

II est demand^ la d6livfBnce d'un brevet europeen et, 

confarm^ment k Particle 94, l*efflmen de la demande 



Zeichen des Armelders Oder Vertreters (max. 15 Posl- 
tionen)/ Applicant's or representative's reference 
(maximum 15 spaces) /Reference du demandeur ou du 
mandataire. (max. 15 caractdres ou espaces) 



AREF 



ANUELDER /APPUCANT/ DEMANDEUR 
Name /Nom 

Anschrm/ Address/ Adresse 



# DEST # 



APPRoi# \Z\C>\/ iDi7hDi9i 



Zustellanschrift /Address for correspondence/ 
Adresse pour la correspondance 



PADR 



i I I I I I 



Staat des Woluisltzes Oder SItzes/ State of residence or of principal 
place of business /Etat du domicile ou du sidge 

StaatsangehSrigkeit/Nationality/NBtiofialitd 
Telefon /Telephone/Tdliphone 



Telex /T&lex 



Telefax/Fax/T6l61ax 



Weitere(r) Anmelder auf Zusatzblatt /Additional applicant(e) on 
additional sheet/ Autre(8) demandeur(s) sur feuille addltionnelle 



VERTRETER / REPRESENTATIVE/ MANDATAIRE: 
Name /Nome 

(Nur einen Vertreler anget)en, der in das europfllsche Patenfreglster etngetragen und en 
den zugesteiu wird /Name only one representative, who is lo be Usted in the Register cf 
European Patents and to whom notification Is to be made/N'indiquer qu'un seul nanda- 
taire, qui sera Inscrltau Registre europeen des brevets et auquei signification sere faite) 



FREP01 



fli4^i/i5i?i^Q 



Mill 



GeschSflsanschrift/Address of place of business/ 
Adresse professionnelle 



TelefOn /Telephone /T6l6phone 
Telex /Ulex 



TeMx/Fax/T<M6fBX 



We'itere(r) Vertreter auf ZusatxblatI/ Additional representatlve(8) on 
additional sheet/ Autre(s) niandatalre(s) sur feuille addltionelle 



16 



PA1195/MJS 



THE WELLCOME FOUNDATION LIMITED 
^0 EUSTON ROAD 




UNICORN HO 
LOrapftkll^ 2BP 
ErJglAND 



STOTT, MICHAEL JOHN 

THE WELLCOME RESEARCH LABORATORIES 

GROUP PATENTS it AGREEMENTS 

LANGLEY COURT, BECKENHAM 

KENT BR3 3BS, ENGLAND 





ENGLAND 




BRITISH 




P1 1 


23937 


081 658 6284 







STOTT, MICHAEL JOHN 



THE WELLCOME RESEARCH LABORATORIES 
GROUP PATENTS i AGREEMENTS 
LANGLEY COURT, BECKENHAM 
KENT BR3 3BS, ENGLAND 



081 653 2211 


23937 


Oai 650 6284 



EPA^PO/OEB Form 1001.1 01.90 



F11_L 



9^ 



- P A 1195 



Rautn for ZehidtendM Anmelders/ Space lor appllcanfs 
rete»nco/£spac« reserve a i& reference du demandeur 



2 



V^ilmacht/ Authorisation / Pouvolr: 



isi beigefUgt/is enclosed /ci-joint 



ist registriert unter Nummer/ has been registered 
under No./a 6t6 enregistr^ sous le 



ERRNOER / INVENTOR / INVENTHUR: 



GENA 



Anmelder isl (sind) alleinigetr) Ertinder/The applicant(s) Is <are) 
the sole inventor(a)/Le(s) demandeur(8) est (sent) le (tes) seuUs) 
inventeur(8) - 

ErfiiKtemennung auf gesondertem SehriftstQck/ Designation of 
inventor attached /Voir la d^Blflnation de f Inwenteur cHointe 



BEZEICHNUNG DER ERRNDUNG /TITLE OF INVENTION/ 
TTTRE DEL-INVENTION: 



TIDE 



■REN 



TIFR 



22 



23 



24 



□ 



10263O .i 



Ntimber -i J J ri^mN 



Njm6ro 



□ 
□ 



PRIORITATSERKLArUNG / DECLARATION OF PRIORITY / pmo 
DECLARATION DE PRIORITE 



01 



CLARATION DE PRIORITE ■ A 



02 # . . # 



03 * . . # 



04 # 



Weitere Prioritatserkl&rung(en] auf Zusatzblatt/ 
Additional dsclaration(s) of priority on additional sheet/ 
Autre(s) d6claration(5) de priorite sur teuflle additionelle 



BENENKU!^ YON VEJITRAGSSTAATEN 
DESIGlimON OF CONTRACTING STATES 
DESIGNATION D'ETATS CONTRACTANTS 

Bundesrepublik Deutschland/ Federal Republic of 
Gemiany/R6publique f^d^rale d'Allemagne 

Vereinigtes KOnigreich/ United Kingdom /Royaume-Unl 

Frankreich/France/ France 

ItaHen/naly/liarie 

Niederlande/ Netherlands /Pays-Bas 

Schweden / Sweden / Su ^de 

Schweiz und Liechtenstein / Switzerland end 
Liechtenstein / Suisse el Liechtenstein 

Belgien / Belglum/Belglque 
Osterrelch /Austria / Autriche 
Luxemburg / Luxembourg / Luxembourg 
Spanisn / Spain / Espagne 
Grtecheniand / Greece / Gr6ce 
Oflnemark/ Denmark / Danemadc 



DEST 



U |CH I 

[be] 



25 



ANTIBODY PRODUCTION 



Staatr state /Etat 



AnmeldBtag/ Filing 
date /Date de d6p6t 



Aktenzeichen /Application 
No./N<' de la demande 



1 UNITEE? 
KINGDOM ■ 



17 October 1990 9022543.4 



3 



3 

B 
B 
B 
B 
B 
B 
B 
3 
3 



/ 



EPA/EPO/OEB Form 1001^ 01.90 



Raum tOt Zctctien 
reference/ Espasa 



i/8p*C8 for 
a la rMkrenea du 



3 



Vorsorgliche Benennung 
samtlicher Vertragsstaaten 

Die in Feld 26 angegebenen Staaten 
sind jene, fOr die die Zahlung der 
BenennungsgebOhren vorgenommen 
wurde Oder derzeit beabsichtig! ist. 
Vorsorglich werden jedoch sdrntliche 
Staaten benannt die zum Zeitpunkt 
der Einreichung dieser Anmeldung 
Vertragsstaaten des EPU sind 
(1.1.1990: DE.NU GB. CH, FR. LU. 
BE, SE, IT, AT, LI. ES, GR, DK). Es 
wtrd ersucht, die Benennung der 
hier zusatzlich benannten Vertrags- 
staaten ats vom Anmelder zurOck- 
genommen zu bctrachten. wenn fur 
diese Staaten die Benennungsge- 
bOhren nicht bis zum Ablaut der In 
Regel 85a (2) vorgesehenen Nachfrist 
entrichtet werden. Es wird beantragt. 
von der Zusteliung einer MIttellung 
nach Regei 85a(1) und einer MIttel- 
lung necti Regel 630) betreffend die 
hier zusatzlich benannten Vertrags- 
staaten abzusehen. 



Precautionary designetion of aD 
ContrBdlng States 

The States indicated in Section 26 
are those for which it Is at present 
intended to pay designation fees If 
these have not already been paid. 
As a precautionary measure, 
however, all those States vtrhich are 
Contracting Slates to the EPC at the 
time of filing this application are 
designated (1.1.1990: DE, NL. GB. 
CH. FR. LU. BE. SE, IT. AT. U, ES, 
GR, DK). It is hereby requested that 
the designation of any additional 
States thereby Included be regarded 
as withdrawn by the applicant if the 
designation fees have not been paid 
by the lime the period of grace 
allowed in Ruie a5a(2) expires. 
It is requested thai no notification 
under Rule 85 a (1) nor any communi- 
cation in accordance with Rule 69(1) 
concerning the additional Contract- 
ir^g States designated above be 
notified. 



Verschiedene Anmelder fUt verschiedene Vertragsstaaten 
Different applicants for different Contracting States 
Diff6rents demandeurs pour differents Etats contractants 



APPR02* 



I M I M I 



I I I I I 



I 1 I I I 



MIKROORGANtSMEN 

Die Erfindung betrifft einen Mikro- 
organismus (mehrere Mikroorganis- 
men) oder seine (ihre) Verwendurg. 
der (die) auf Grund des Budapester 
Vertrages oder eines bilateralen 
Abkommens zwischen der Hinter- 
legungsstelle und dem EPA nach 
Regel 28(1) a) bei einer anerkannten 
Hinterlegungsstelle hinterlegt vtrarden 
Ist (sind), um die Bedingungen 
fQr die Offenbarung der Erfindung 
geniaB Aftikel 83 in Ver- 

bindung mil Regel 28 zu 

erfullen. 



MICRO-ORGANISMS 

The invention relates to and/or uses 
(a) micro-organ ism (s) deposited for 
the purposes of disclosure pursuant 
to Article 83 in conjunction with Rule 
28 with a depositary institution 
recognised within the meaning of 
Rule 26(1 )(a) under either the 
Budapest Treaty or a bilateral agree- 
ment between the institution and the 
EPC. 



MIC01 



I I I 



Die Angaben nach Regel 28(1) c) sind in den technischen 
Anmetdungsuntertagen enthalten auf /The particulars referred to in 
Rule 28(1) (c) are given in the technical documents in the 
application on/Us indications viste A la rigte 28(1) c) figurent 
dans ies pifeees techniques de la demande A la/aux 



werden sp^ter mitgeteilt/ will be submitted at a later date/ 

Die Empfangsbescheinigung(en) der Hinterlegungsstelle ist (sind) 
t>eigeftigt/The receipt(a) of deposit issued by the depositary 
authority is (are) eneio8ed/U(s) rMplss6(8) de d6p«t ddHw6(8) 
par rautorit6 de ddpftt est (sont) ci-joint(8) 

wird (werden) naciigerelcM/ wUl be filed at a later date/sera (seront) 
produit(B) ult^rleurement 



Die Anmeidung entliSIt mindestens eine Sequenz oder Teilsequenz mit 
mindestens zehn Nudeotiden oder mindestens vier Aminosauren/ 
The application contains at least one sequence or part of a sequence 
of at least ten nucleotides or at least four amino adds/ 
La demande comporte au moins una sequence ou sdquenoe partielle 
d'au rooins dix nucleotides ou d'au moins quatre addes amines 



Die Anmeldung ist eine Teilanmeldung^The application is a divisional 
a p pi i cati on / La p r^sente demande 
constitue une demande I noi q 

dhrtsionnaire I 



PANR 



I I II I 



Es handett sich um eine Anmeldung nach Art 61(1)b}/Tlte application 

is an Art. 61(1)[b) application / 

La pr^sente demande constitue 1""^" 
une demande selon I DHLS 

I'article ei(1)b) | ' 



EANR 



I I I M 



27 



28 



29 



30 



33 



34 



35 



36 



Msignation h toutes fins utiles de 
tous Ies Etats contractants 

Les Etats indiqu6s d la rubrique 26 sont 
ceux pour tesquels le paiement des 
taxes de designation a et6 effectu6 ou 
pour lesquels ton se propose actuelte- 
ment de payer les taxes de d6signatioa 
Toutefcis. d toutes fins utiles, sont d6si- 
gn6s tous les Etats qui sont des Etats 
contractants de ia CBE 6 la date du 
depot de la demande (1.1.1990: DE. NL, 
GB, CH. FR, LU, BE, SE, IT, AT. U, ES. 
GR, DK). II est demand^, au cas oCi les 
taxes de designation pour les Etats con- 
tractants d6sign65 d litre compl6men- 
taire ne seraient pas acqulttecs dans le 
d^tai supplemental re prevu d la regie 
85bis(2), que la designation desdits 
Etats solt consld6r6e comme retir6e 
par le demandaur. Pridre de re pas 
proceder pour iesdits Etats contractants 
dteignes A titre compiementaire d la 
signification d'une notification etabiie 
conformement & la r^gle 85bis(1) ou d 
la rfegle 69(1). 



Name(n) des (der) Anmetder(s) und benannte Vertragsstaaten 
tMame(s) of applicant{s) and designated Contracting States 
Nom(s) du (des) demandeLjr(s) et des Etals contradants ddsignds 



MICRO-ORGANISMES 

L'invention concerne un (plusieurs) 
micro-organlsfne(s) el/ou utilise un (plu- 
sieurs) mlcro-organisme(s), d6pose(s) 
afin de satisfaire aux conditions d'ex- 
pos6 de l'invention prevues a I'article 83 
ensemble la regie 28; A cet effet, le 
depfit a ete eflectue aupres d'une auto- 
rite habilitee au sens de la r&gle 28(1) 
a), en vertu soil du Traite de Budapest, 
solt d'un accord bilateral entre I'autorite 
et rOEB. 



Seite(n)/page(s) 



Zelie(n)/linB(s)/tlgne(s) 



□ 



Zahl der Selten im Sequenzprotokolt/ Number of pages in the 
Sequence Listing /Nombre de pages dans la lists des sequences 



Nummerder frOheren Anmeldung 
No. of earlier appliCBtion 
Numero de b demanfe Initiate 



Nummer der frOheren Anmeldung 
No. of earlier eppucation 
Numftro de la demancte failtlate 



PA1195 



EPA/EPO/OEB Form 1001.301.90 



Raum for Zdctwn dn AnrncWer*/ Space (of appllcaflf* 
r«terence/ Espacs reserve t u rftierence du demandaur 



4 



PatentansprOche / Cta ims / Revendicati ons 



Weiterer Satz von PatentansprUchen (Art 1B7(2>a)) 

Additional set of claims (Art 167(2)(a)) 

S6rie suppt6mentaire de revendicatlons (art 167(2)a)} 



CLMS 



AUCL(I) 



MJCL (3) 



AUCL (4) 



2ur VerSffentlichung mit der Zusammenfassung wird vorgeschlagen 
Abbildung Nr. /With the abstract It is proposed to publish figure No./ 
II est propose de publler avec I'abr6g6 la figure 



Zusitrliche Abschrift(en) der im europfiischen Reeherchenbericht 
anscfuhrten Schriftstucite wird (werden) beantragl/ Additional copy(ies) 
of the documents cited in the European search report is (are) requested/ 
Pri^re de foumir une (des) cople(8) suppl6mentBlre(s) des documents 
cit£s dans )e rapport de recherche europ^enne 



Es wird die RUclterstattung der RecherchengebQhr gemSB Art 10 GebO 
fcyeantragt/Refund of the search fee is requested pursuant to Article 10 of 
the Rules relating to Fees/Le reml>oursement de la taxe de recherche 
est demands en vertu de rarticle 10 du rdglement relatif aux taxes 

Bne Kopie des Recherchenberiehts ist beigefiigt/A copy of the search 
report is attached /Une eople du ramort de recherche est jointe 



Eventuelle RQcioahlungen auf nebenstehendes beim EPA gefuhrte 
laufende Konto/ Reimbursement. If any, to EPO deposit acc ount opposite/ 
Remboursements 6venhiels d effecbier sur le compte I ^^pp. 
courant ci-contre ouvert prto rOEB ' 



Die vorgeschriebene Uste Ober die The prescribed list of documents 

diesem Antrag beigefQgten Unter- enclosed with this request is 

lagen ergibt sich aus der vorberei- shown on the prepared receipt 

teten Empfangsbescheinigung (page 5 of this request) 
(Selte 5 dieses Antrages) 



Unterschrift(en} des (der) Anmelder(s) oder Vertreter(s)/ 
SignBture(s) of applicant(s) or representative(8)/ 
SigTiature(8) du (des) demandeur(8) ou du (des) mandalaireCs) 

Ort/Plaoe/Ueu BECKENHAM, KENT, ENGLAND 

Datum /Date 8 OCTOBER 1991 



37 



38 



39 



40 
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ANTIBODY PRODUCTION 

The present invention relates to Chinese hamster ovary (CHO) cell 
lines, to the production of proteins, in particular antibodies from 
such cell lines, also to antibodies having CHO glycosylation. 

Antibodies or inmxinoglobulins are proteinaceous blfuncticnal 
molecules. One region which is highly variable between different 
antibodies is responsible for binding to an jgjitigen (Fab region) . for 
example the many different infectious agents that the body may 
encounter, whilst tfKe second, constant region (or Fc ~ region) is 
''responsible for Mnding to the Fc~ receptors of. cells and also 
activates complement. In* this way, antibodies represent a vital 
component of the imm\me response of mammals in destroying foreign 
microorgaxiisms and^iruses . 

An antibody molecule is composed of two light chains and two heavy 
chains that are* held together by interchain disulphide bonds. Each 
light chain is linked to a heavy chain by disulphide bonds and the two 
heavy chains are linked, to each other by disulphide bonds . Each' heavy 
chain has at one end a variable domain followed by a number of 
constant domains., and each light chain has a variable domain at one 
end and a constant domain at the other end. The light chain variable 

' domain is aligned with the variable domain of the heavy chain. The 
light chain constant domain is aligned with the first constant domain 
of the heavy chain. The remaining constant domains of the heavy 

'chains are aligned with each other. The constant domains in the light 
and heavy chains are not involved directly in binding the antibody to 
the antigen. 

The variable domains of each pair of light and heavy chains form the 
antigen binding site. They have the same general structure with each 
domain comprising a framework of four regions, whose sequences are 
relatively conserved, connected by three complementarity determining 
regions (CDRs) . The four framework regions largely adopt a beta- sheet 
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conformation and the CDRs form loops connecting, and In some cases 
comprising part of, the beta-sheet structure. The CDRs are held in 
close proximity by the framework regions and, vith the CDRs from the 
other domain, contribute to the formation of the antigen binding site. 

The immunisation of an animal with an antigen results in the 
production of different antibodies with different specificities and 
.affinities. .An antiserum obtained from the immunised animal will, 
therefore, be heterogeneous and contain a pool of antibodies produced 
by many different lymphocyte clones. Antibodies thus obtained are 
referred. to ^sjr-polyclon£l anTibollies ..and- -this polyclonal nature has 
been a major drawback in the use' of antibodies in diagnostic assays 
and in therapeutic applications. 

A major step forward occurred in 1975 when Kohler and Mil stein 
(Nature, 1975, 256 . 495-497) reported the successful fusion of spleen 
cells from mice immunized with an antigen with cells of a murine 
myeloma line. The resulting hybrid cells, termed hybridomas, have the 
properties of antibody production derived from spleen cells and of 
continous growth derived from the myeloma cells. Each hybridoma 
synthesizes and secretes a single antibody to a particular determinant 
of the original antigen. To ensure that all cells in a culture are 
identical, i.e. that they contain the genetic information required for 
the synthesis of a unique antibody species, the hybridomas resulting 
from cell fusion are cloned and subcloned. In this way, the cloned 
hybridomas produce homogeneotxs or monoclonal antibodies. 

The advantages of hybridoma technology are profound. Because many 
liybrids arising from each spleen are screened for their potential to 
produce antibodies to the antigen of interest and only a few are 
selected, it is possible to immunize with impure antigens and yet 
obtain specific antibodies. The immortality of the cell line assures 
that an tmllmited supply of a homogeneous, well -characterised antibody 
Is available for use in a variety of applications including in 
particular diagnosis and immunotherapy of pathological disorders. 
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Unfortiinately, the usefulness of such monoclonal antibodies in a 
clinical setting can be severely hampered by the development of human 
anti -mouse antibodies - an anti-globulin response - which may 
interfere with therapy or cause allergic or immune complex 
hypers ens it ivi ty . 

When, for example, murine (or ratine) monoclonal antibodies are used 
in human therapy, the induction of an human ant 1 -mouse antibody 
response is due to the murine origin of the constant domains and four 
framework regions. This problem has therefore been addressed by the 
- development of" antibodies of two basic typesv The* first type, 
referred:. to as chimeric antibodres , is . where the - murine, constant 
domains only are replaced by equivalent domains of human origin 
(Morrison et al, P.N.A.S . . 1984, 81, 6851-6855; Boulianne et al. 
Nature . 1985. 314, 268-270; and Neuberger et al. Nature . 1985, 314 . 
268-270). The second type is where the murine constant domains and 
the murine framework regions are all replaced by equivalent domains 
and regions of hisman origin. This second type of antibody is referred 
to as a humanised or CDR-grafted antibody (Jones fit fii, Nature . 1986, 
321. 522-525; and Riechmann et al. Nature . 1988. 332, 323-327). k 
hiuoan antibody would of course avoid the need for "humanisation" , 
however cell lines which secrete human antibodies are very unstable 
and have generally proven unsuitable for commercial scale production. 

To generate sufficient quantities of antibody for full clinical use it 
is desirable to employ an efficient recombinant expression system. 
Since myeloma cells represent a natural host specialized for antibody 
production and secretion, cell lines derived from these have been used 
for the expression of recombinant antibodies. Often, complex vector 
design, based around immunoglobulin gene regulatory elements, is 
required, and final expression levels have been reported which are 
highly variable (Winter et_al. Nature . 1988,332. 323-327; Weidle 
et al . Gene , 1987, 60. 205-216; Nakatani et al . Bio /Technology . 1989, 
Z. 805-810; and Gillies et al . Bio /Technology . 1989. 1, 799-804). 
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An alternative manunalian expression system is that offered by the use 
of dihydrofolate reductase (dhfr) deficient Chinese hamster ovary 
(CHO) cells. The use of these cells has enabled the production of 
large quantities of several therapeutic proteins for research and 
clinical use (Kaufman et al . Mol .Cell. Biol . 1985, 5, 1750-1759; and 
Zettlmeissl ct al , Bio/Technology . 1987, 5, 720-725). There are, 
however, very few instances of the use of these cells for the 
expression of antibodies and the levels of iexpression of murine 
antibodies reported to date are low - of the order of 0 .01-0. l^g/ml 
(Ueidle et al . Gene . 1987, 51, 21-29; and Feys et al . Int .J .Cancer . 
-1988. 2. -26-2-7)->- ■ ^ ~r-.r ... - 

A process has now been developed that enables the balanced expression 
of the light and heavy chains of an antibody from CHO cells. Balanced 
expression is desirable given that the light and heavy chains are 
linked together In the antibody molecule in equimolar proportions. 
This process allows the antibody to be obtained in functional form and 
to be secreted in good yields. Thus the process enables sufficient 
quantities of functional antibody to be obtained for use in the 
immunotherapy of pathological disorders. 

The invention therefore provides a' CHO cell line capable of producing 
antibocfy, the cell line having been co-transf acted with a vector 

cap^iblc cf expressing the light chain cf the ar.tibcdy and a veetor 
capable of expressing the heavy chain of the antibody wherein the 
vectors contain independently selectable markers. 

The present invention further provides a CHO cell line capable of 
prodiicing a human antibody or an altered antibody, the cell line 
having been co-transfected with a vector containing cDNA encoding the 
'light chain of the antibody and a vector cbntaii^ing cDNA encoding the 
heavy chain of the antibody said vectors capable of expressing the 
light and heavy chains of the antibody. The vectors may advantageous- 
ly contain independently selectable markers. Hereafter, reference to 
the markers includes the singular and vice versa. 
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The cell line of the present invention is capable of producing all 
kinds of antibodies that generally comprise equimolar proportions of 
light and heavy chains. The invention therefore includes human 
antibodies wherein the amino acid sequences of the heavy and light 
chains are homologous with those sequences of antibodies produced by 
human lymphocytes in vivo or in vitro by hybridomas . Also included In 
the invention are altered antibodies such as hybrid antibodies in 
which the heavy and light chains are homologous to a natural antibody 
but are combined in a way that would not occur naturally. For 
example, a bispecific antibody has antigen binding sites specific to 
mgre -than one antigen. The constant region of .the antibody may relate 
to one- or other of the antigen binding regions or may be from a 
further antibody. Altered antibodies, such as chimaeric antibodies 
have variable regions from one antibody and constant regions from 
another. Thus, chimaeric antibodies may be species/species chimaeras 
or class/class chimaeras. Such chimaeric antibodies may have one or 
more further modifications to improve antigen binding ability or to 
alter effector functioning. Another form of altered antibody is a 
humanised or CDR-grafted antibody including a composite antibody, 
wherein parts of the hypervariable regions in additon to the CDRs are 
transferred to the human framework. Additional amino acids in the 
framework or constant regions of such antibodies may be altered. 
Included in the definition of altered antibody are Fab fragments which 
are roughly equivalent to the Y branch portions of the heavy and light 
chains; these- may be included incomplete fragments or fragments 
including part of the Fc region. Thus, within the scope of 
the invention is- included, any altered antibody in which the amino 
acid sequence is not one which exists in nature. 

The cell line of the invention is preferentially employed for the 
production of altered antibodies most preferably chimaeric. .antibodies 
or CDR-grafted antibodies. Particular examples of these include 
antibodies against T cell markers such as CD2, CD3, CD5. CD7, 

CDS, CDlla, CDllb. CD18, CD19, CD25, CD45 and CI>w52 and especially CDR 
grafted antibodies against the CDw52 antigen, such as Campath-IH 
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(Campath is a Trademark of the Wellcome Foundation Ltd) described in 
EP 328404 Further examples include CDR- grafted antibodies against 
various cancer cell marker antigens such as CD33 and (3)38. 

After co-transfection into recipient CHO cells, the resulting colonies 
may be selected using both markers. Colonies exhibiting the dual 
phenotype are generally capable of co-expressing both the light and 
heavy chains. The selectable markers .may or may not be of a dominant 
nature. Examples of selectable markers for use m co-transfection 
include adenosine . deaminase. (Kaufman §X, P.N.A.S . . 1989, 83, 
"3136-4Q-> ;isparagine -synthetase"(Cartier • e£ -al, Mol.Cell Biol , , 1987 , 
2, 1623-28) r"El£fili trpB gene and Salmonella hisD gene (Hartman et -al, 
P N.A.S. . 1988, 85, 8407-51), M2 mouse ribonucleotide reductase 
(Thelander et al, EMBO J . 1989, 8, 2475-79), human multidrug 
resistance gene (Kane et al, Gene . 1989, 84, 439-446), glutamine 
synthetase (Bebbington et al. DNA Cloning . Vol III . 1987, Ed. D.M. 
Glover, 163-188, IBIL Press), xanthine guanine phosphor ibosyl 
transferase (gpt) (Mulligan et al, Science . 1980, 209, 1422-27), 
hygromycin B (Santerre e£ al. Gene . 1984, 30, 147-156), neomycin gene 
(Southern ^ al. J. Mol. AddI. Genet 1982, 1, 327-341), and 
dihydrofolate reductase (Subramani et al, Mol.Cell Biol .^ 1981, 1, 
854-864). One particularly prefer-red selectable marker is dhfr which 
is usually employed with a parental CHO cell line of the dhfr' 
phenotype -(Urlaub et_al P.N.A.S. : 1980, 77, 4216-4220). Successfully 
co-transfected CHO cells will possess the dhfr"*^ phenotype and can 
readily be selected by culturing the colonies on media devoid of 
thymidine and hypoxanthine and optionally containing methotrexate 
(MTX), A preferred selectable marker for use with the other of the 
vectors is a dominant resistance marker, such as neomycin (neo) . CHO 
cells successfully transfected with this marker can readily be 
selected by culturing the colonies on media containing the antibiotic, 
G418, otherwise known as Geneticin. 
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A second preferred system of selection and amplification is provided 
by the glutamine synthetase selectable marker or (GS system) which is 
described in U087/04462. CHO cells which have been successfully 
trans fected with the gene encoding the 6S enzyme and the desired 
antibody gene can be selected by culturing colonies in media devoid of 
glutamine as described in PCT published application number U08 7/04462. 

At least one of the selectable markers preferably also provides the 
basis upon which the genes encoding the light and heavy chains may be 
amplified. In co-transfection of a CHO cell line, the vector DNAs are 
often integrated into the chromosome of the cell at the same locus. 
ThusJ the use of only -one of the selectable markers as the basis- for 
amplification normally results in a parallel increase in the copy 
number of both genes. One particularly preferred selectable marker 
for use in this way is dhfr which enables the desired amplification to 
be obtained through the use of increasing concentrations of MTX. A 
second preferred selectable marker is GS which allows amplification by 
the addition of methionine sulphoximine (MSX) . 

The selectable markers are of course under the control of regulatory 
elements of DNA so as to provide for their expression. In the case of 
the use of dhfr as a selectable marker, the regulatory elements are 
preferably of a viral source, such as from DNA tumour viruses. 
Particularly preferred are the use of an SV40 or adenovirus major late 
promoter. It is particularly advantageous in this regard to remove 
the enhancer element from the promoter thus effectively "crippling" 
it. This modification allows for increased levels of gene 
amplification at each concentration of methotrexate selection than 
would otherwise occur if a strong promoter was used. In the case of 
the use of neo as a selectable marker, an example of a suitable 
-promoter is the mouse me tallothionein- promoter. 

The light and heavy chain genes may constitute genomic DNA or, 
preferably, cDNA, and are cloned using procedures known in the art 
(Molecular Cloning: A Laboratory Manual, Second Edition, Maniatis 



NJBM/LB/30th September, 1991. 



- 8 - 



PA1195 



et al . Cold Spring Harbor). The genes are also under the control of 
regulatory elements of DNA so as to provide for their expression. The 
use of the same regulatory elements for both chains is preferred so 
that their expression is substantially balanced. The regulatory 
elements may be of viral origin and examples include those mentioned 
above in conjunction with the expression of dhfr as a selectable 
marker. Another example is the use of the ^-actin promoter and 
cognate-'^-actin polyadenylation signal: ■ 

.One or both of the vectors may. also contain an SV40 origin of 
replication- to allow for- the^ vector "Sons true ts to be checked by rapid 
transient assay! " . -J ". . . - . r - ... 

Construction of the expression vectors may be carried out in 
accordance with procedures known in the art (Molecular Cloning: A 
Laboratory Manual, Second Edition, Maniatis et al . Cold Spring 
Harbor) . 

Co-transfectlon of the CHO cell line with the expression vectors may 
be carried out simply by using equimolar quantities of both vectors 
and standard transfectlon procedures, such as calcium phosphate 
precipitation or-lipofectin. -Selection of the desired co-transfected 
cell line may be carried out in accordance with standard procedures 
known for the particular selectable markers. 

The present Invention also provides a process for the production of an 
antibody which comprises culturing a CHO cell line of the present 
invention. Cultiure of the CHO cell line may be carried out in 
seram- containing or preferably serum and protein free media. In one 
preferred Instance where the CHO cell line is a dhfr**^ transformant , 
the -medium preferably lacks - - hypoxanthlne and/or thymidine' and 
optionally contains MTX. Where a selectable marker is glutamine 
S3mthetase the medium preferably lacks glutamine and optionally 
contains MSX. Expression of both chains in substantially equimolar 
proportions enables optimum yields of - functional antibody to be 
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obtained. The tvo chains assemble within the cell and are then 
secreted into the culture medium as functional antibody. The 
resulting antibody may be purified and formulated in accordance with 
standard procedures. 

Antibodies are glycoproteins containing between 3 and 12% 
carbohydrate. The carbohydrate units are transferred to acceptor 

. sites -on the antibody chains after the heavy and .light chains have 
combined. The major carbohydrate units are attached to amino acid 
residues, of the constant region of the antibody.. Carbohydrate is also 

.^^^known to "attach" to the antigen binding sites" of some antibodies and 

- majr affect, the antibody -binding characteristics by. limiting access- of 
the antigen to the antibody binding site. There are a number of roles 
associated with the carbohydrate units. They may affect overall 
solubility and the rate of catabolism of the antibody. It is also 
known that carbohydrate is necessary for cellular secretion of some 
antibody chains. It has been demonstrated that glycosylation of the 
constant region plays a vital role in the effector functioning of an 
antibody; without this glycosylation in its correct configuration, the 
antibody may be able to bind to the antigen but taay not be able to 
bind for example to macrophages, helper and suppressor cells or 

. complement, to carry out its role of blocking or lysing the cell to 
which it is bound. 

It has now been found that antibody glycosylated by CHO cells 
maintains antigen binding capability and effector functionality. This 
has been demonstrated in 1q vitro complement lysis assays and in vivo 
in a human patient. 

The invention therefore provides an antibody having CHO glycosylation. 
•Such antibodies may be natural, such as human antibodies, altered 

antibodies for example hybrid antibodies or bispecific antibodies, 
.chimaerlc or CDR-grafted antibodies, including Fab fragments. 
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The CHO glycosylatlon may be associated with the antigen binding site 
or other parts of the variable domain. It may alternatively or 
additionally be associated with the constant region. The glycosylated 
antibody is prepared by expression of the antibody genes in a suitably 
engineered CHO cell followed by recovery and if necessary, 
purification of the antibody from the cell culture medium. 

CHO glycosylated antibodies are useful in medical therapy for treating 
numerous human disorders, generally as Immunosuppressives more 
particularly for example T-cell mediated disorders including severe 
vasculitis.,-.rheumatold,\aiithritls^-. systemic lupis, also autoimmune 
disorders -such as multiple sclerosis, .graft vs host .disease, 
psoriarsis, juvenile onset diabetes, Sjogrens' disease, thyroid 
disease, myasthenia gravis, transplant rejection and asthma. These 
antibodies are also useful in treating cancer such as Non-Hodgkins 
lymphoma, multiple myeloma,' and Infectious diseases such as HIV and 
herpes . 

The invention therefore provides the use of CHO glycosylated 
antibodies in the manufacture of a medicament for the treatment of any 
of the aforementioned disorders. Also provided is a method of 
treating a human being having any such a disorder .comprising 
administering to said individual a therapeutically effective amount of 
a CHO- glycosylated antibody. 

The dosages of such antibodies will vary with the condition being 
treated and the recipient of the treatment, but will be in the range 1 
to about 1 00 mg for an adult patient preferably 1 - 10 rag usually 
administered daily for a period between 1 and 30 days. A two part 
dosing regime may be preferable wherein 1 - 5 mg are administered for 
5. 1.1.0 days followed by 6 -.15 mg. fpr. -a further 5-10 days. 

Also included within the invention are formulations containing CHO 
glycosylated antibody. Such formulations preferably include, in 
addition to antibody, a physiologically acceptable diluent or carrier 
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possibly in admixture with other agents such as other antibodies or an 
antibiotic. Suitable carriers include but are not limited to 
physiological saline, phosphate buffered saline, phosphate buffered 
saline glucose ard buffered saline. Alternatively, the antibody may 
be lyophilised (freeze dried) and reconstituted for use when needed by 
the addition of an aqueous buffered solution as described above. 
Routes of administration are routinely parenteral including 
intravenous, intramuscular, subcutaneous and intraperitoneal injection 
or delivery. 

The^ accompanying drawings show: • 



F^ure 1 

(a) the pLD9 construct containing expression cassettes for the 
'crippled' dhfr selection/amplification marker and the Campath-IH 
light chain cDNA. The small box with the dashed arrow is the weakened 
SV40 promoter; the larger dotted box with an arrow is Che ^-actin 
promoter; polyA refers to respectively sourced polyadenylation and 
termination signals; the small box with ori contains the SV40 origin 
of replication; 

(b) the pNH316 construct containing expression cassettes for the 
neonycin selection marker and the Campath-IH heavy chain cDNA. The 
box with an arrow and MT refers to the mouse metallothioncin promoter. 
Restriction sites indicated are:- H, Hindlll; Bg, Bglll; B, BamHl; Rl, 
EcoRl. 

Figure ? 

Comparative -determinations of the rate of Campath-IH - synthesis in 
confluent A39 cells over 4 consecutive days. Following the l^^S] 
methionine pulse period, equal aliquots of cells (C) and culture 
medium (M) were immuno-preclpitated and separated by SDS-PAGE. The 
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position of the Campath-lH heavy and light chains are indicated (H and 
L arrows). There was some loss of material for the day 3 cell sample. 

A pulse-chase experiment to determine the rate of secretion and 

distribution of radiolabelled Campath-IH in A39 cells. Confluent 

35 

cells^ wpre pulsed with [ S]- methionine for. 6 hours, then fresh medium 
containing an excess of unlabelled methionine was added. Equal 
aliquots of cells and culture medium were taken at the indicated time 
points J in^hoairs-follpwin^- the ^nd of the. pulse period) and treated as 
described -in-the-iegend of - -Figure -2. The samples for the 48_ and 12 
hour medium time points were run on a different gel to the 6 and 24 
hour points, and the tracks are only lined up relative to the position 
of the heavy (H) chain. 

Fipure 4 

Shows growth of CIH 3D11* 44 in WCK5 (protein- free medium) in a 1 
litre fermenter measured as cell count/ml over 90 days. 

Figure 5 , 

Shows- antibody production from CIH 3D* 44 cells in WCM5 in a 1 litre 
fermenter measured as micrograms of antibody/ml over 80 days. 

The' following Examples are provided purely for illustration of the 
present invention. 

P^^LE 1: Cloning of the Heavy and Light C hain cDNAs for CamPAtrh^lii 

The complementarity determining regions from the rat Campath-IG 
monoclonal were originally grafted directly into genomic human heavy 
and light chain frameworks (Winter et al . Nature , 1988, i21. 323-327). 
These constructs were engineered for expression in the myeloma cell 
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line YO and resulted in yields of Campath-IH of up to 5^g/ml following 

10-14 days in culture (Hale et al . Tissue Antigens , 1990, 3S. 118-127 

and Winter et al . Nature , 1988, 322, 323-327). The myeloma cell line 

TF57 (Hale ibid . ) was used to generate size selected cDNA 

fractions of 0,9-1.2kb and 1.4-1.7kb for the light and heavy chain 

cDNAs respectively. These were used to make EcoRl linkered cDNA 

libraries in AgtlO. All procedures were as described by Huynh et al 

f PNA Cloninp . Vol I: A Practical Approach, -1984, Glover .D( Editor) .-IRL 

32 

Press, Oxf ord) . The libraries were screened using [ P] nick 
tr^ns.lated probes specific for the variable . regions to isolate full 
"■length cDNA' clones. For the light chain* cDNA, the 5' untranslated 
leader wais removed up to^position ---32 using Bal-31 exonuelease- and a 
Hindlll linker added. For the 3' end, use was made of a unique Sad 
site 47bp upstream of the stop codon. A Sacl-Hindlll oligonucleotide 
pair was used to regenerate this sequence and position the Hindlll 
site immediately after the stop codon. For the 5' end of the heavy 
chain cDNA, the unique Ncol site overlapping the ATG start codon was 
used to re-build a 29bp untranslated leader, identical to that of the 
light chain, using a Hindlll -Ncol oligonucleotide pair. At the 3' 
end, che unique Nael site 12bp downstream of the stop codon was 
converted into a Hindlll site using linkers. 

EXAMPLE 2: Construction of Vectors: 

The human )5-actin promoter was excised from pH^APr-3-neo (which 
corresponds to pH/9APr-l-neo (Gunning ^ al, P.N.A.S, . 1987, M. 
483-35) except that the SV40 po lyadeny la t ion/ termination signal has 
been replaced with the respective human ^-actin signals) as a 2860 bp 
PvuII-HindlH fragment, in which the PvuII site was subsequently 
converted to a Bglll site using linkers. To isolate the human ^-actin 
polyadenylation and termination signals from pH^APr-3-neo. - ' ah SphI 
site 1.4kb downstream of the unique Hindlll site was converted to a 
BamHI site using linkers. The basal ' dhfr vector called pl04, was 
constructed as follows. The Sphl site at position -128 in the SV40 
promoter in pSV2dhfr (Subramani et al . Mol. Cell. Biol. . 1981. 1, 
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854-864) was converted into a Sail site to remove all enhancer 
elements from the promoter. The weakened dhfr expression unit was 
then subcloned as a Sall-BamHI fragment into the homologous sites in 
pSVOd men on et fll . SfiU. 19B1, 21, 279-288). 

To construct pLD9, the pl04 vector was digested with BamHI, 
phosphatased, and ligated with three other fragments consisting of the 
Bglll-Hindlll ^-actiti promoter » the Hindlll Campath-IH light chain 
cDNA and the Hindlll-BamHI ^-actin polyA/ termination signals. To 
construct pKH316, ..the. construct pdBPV-MKTneo (Law et al . 
•Mot^Cell .-Biol- . r"1983 ."3 ^110--2115) - was digested, with BamHI, 
phasphatased. and lhe' fragment 'containing- the neomycin gene- Isolated 
following separation on an agarose gel. This was ligated to the two 
^-actin fragments and the Campath-IH heavy chain cDNA. The 
constructs, pLD9 and pNH316 are depicted in Figure 1. 

EXAMPLE 3: Expression of Camoath-IH in CHO Cells: 

The dhfr" CHO cell line DUK-Bll (Urlaub et al . P.N.A.S. . 1980, 22. 
4216-4220) was ~ grown in Iscove's MEM supplemented with 10% fetal 
bovine serum, and 4/ig/ml each of hypoxanthine and thymidine. 10/ig of 
pLD9 and pNH316 was co- precipitated onto cells using the calcium 
phosphate method, (Gorman et al . DNA Cloning . 1985, Vol II, 143-190, 
Acadeioic Press, K = Y.) and "selected for the double phenotype of 
dhfrV^^o resistance by using the medium above except that 10% 
dialysed serum was used, the hypoxanthine/ thymidine were omitted, and 
G418 (G'ibco) was included at 500/ig/ml. In some experiments MTX was 
included directly in the first round selection for dhfr* 
transf ormants • Several hundred resistant colonies were pooled and 
assayed for the production of Gampath-IH antibody in the culture 
medium. The average yield -was 0.5/ig/ml for non- amplified first round 
trans formants • 

Each pooled- cell population was then cultured in the presence of 10 
-HTX, and after two weeks, resistant colonies were again pooled and 
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tltred for Campath-IH production. There was a considerable increase 
in yield of up to 80- fold (Table 1) . These cells were dilution 
cloned, screened for Campath-IH yield, and two high producer lines 
isolated, called A37 and 3D9 (Table 1) . These were both amplified 
further in the presence of lO'^M HTX, then dilution cloned and 
screened as above. The increase in expression at this second, and 
final, amplification stage was not so dramatic as seen previous.ly; 
nevertheless, when re -fed at confluence and left for a further 4 -days, 
the cell lines A39 and 3D11 were capable of producing up to ZOO/ig/ml 
of Campath-IH. 

.... .... TABLE 1 - - - . ..... 

Expression Levels of Campath*lH using Stepwise Amplification 



Accumulated 

Construct Selection stage Campath-IH (/ig/ml) 



0.5 
18-40 

40 
60-90 

100 
• - 150-200 



pli>9 + pNH316 dhfr /neo basal pool 

lO'^M HTX amplified pool 
Cell lines A37 and 3D9 
- lO'^M MTX amplified pool 
Cell line A39 

- .- - Cell line 3D11 - 
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Le f^end to Table 

Cells were allowed to reach confluence in a T-175 tissue culture 
flask, then re -fed with fresh 50ml of tissue culture medium and 
left for a further 4 days. The Campath-IH antibody that had 
accumulated in the medium during this period was measured by 
ELISA. Total cell counts on the day of assay were usually 2.5 X 
10^. The yield from- the 30,11 cell, line reflects a productivity 
of 100/ig/lO^ cells/day. 

. -The ^t)-:transf ectitjn:v.ftcl:ors -pLD9-.and: pNH316 were further employed to 
. eyaltiate- an alternative - amplification strategy tp_ . the one described 
above. The dhfr' CHO cells were co- trans fee ted as usual, and two days 
later split directly into a series of flasks containing G418 (for 
neomycin selection) and increasing concentrations of MTX ranging from 
3 X lO'^M to lO'^M. Following two weeks of this selection, the number 
of resistant colonies were counted and pooled for each flask. When 
the cell populations had stabilized, they were assayed for Canipath*lH 
antibody titres and the results are shown in Table 2. As the MTX 
level was increased, there was a marked decrease in the number of 
surviving dhfr"*" colonies, but they expressed proportionately more 
Campath-IH^. Thus, in a, one, step direct selection at high 
concentrations of MTX, it is possible to isolate cell populations 
which produce up to 60- fold increase in antibody yield compared to 
cell populations selected for basal dhfr levels. 



TABLE 2 



Expression Levels of Camoath-IH using Direct Selection 



Accumulated 



Selection (M MTX) 



dhfr colonies 



Campath-IH 



(/ig/ml) 



No MTX 



500 



0.5 
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3 X 10 



-9 



40 



2 



10 



-8 



5 



7 



3 X 10 



-8 



5 



30 



10 



-7 



Le gend to Table 

Colonies at each MXX selection stajge were pooled and assayed as 
described in the legend of Table 1. 

This selection procedure was repeated following another 

co-transfection of cells, and in this instance, the entire population 

-8 

was selected in medium containing G41B and 3 X 10 M KTX. This 
generated a larger pool of resistant colonies which were subsequently 
pooled and re -amplified twice more using MTX concentrations of 6 X 
lO'^M, then 3 X 10"^M. At this stage, the cells were dilution cloned 
and screened for Campath-IH levels. The two highest producer cell 
lines isolated were capable of producing antibody levels up to 
100-150pg/ml and were designated as lines 4F11 and 5E10, 

The growth rates of these cell lines, and the A39/3D11 lines described 
above, were considerably slower than the parental non- transformed 
dhfr" CHO cells. This is usually a common feature of these cells once 
they have been engineered to express high quantities of a product 
gene. The yields from the 5E10 and .4F11 cell lines proved to be quite 
variable over time, and the latter appeared to have only a limited 
passage. life lasting about 3 weeks before entering. crisis and death. 
This instability was not evident at all in the other cell lines, 
although in general, the lines isolated from the second amplification 
procedure, including 5E10, were usually more fickle to culture. Of 
all the lines, the 3D11 coupled good growth and stability with high 
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Campath-IH yields. To ensure the propagation of these features, the 
3D11 cell line was dilution cloned once more to generate the 3D11* 
line and this similarly produced Campath-lU yields up to 200/ig/ml. 

PCAKPLE A: Growth of and Production from CI H 3D11* 44 tn PCM4 

a) CIH 3D11* cells growing as a monolayer in Iscoves + 10% FBS Flow, 
non-essential amino acids, lO'^M Methotrexate- and antib-iotics^ were 
approximately 90% confluent. These cells were removed from the 
plastic with trypsin/versene, washed in Iscoves medium without 
,.supplemeats,-centrifuged and, xe suspended at 5 x 10^^! in WCM4 medium 
-Table -3 + 0. 25%-:peptone + 0.-1% polyethylene glycol (PEG), 10,000 + 0.5% 
fetal boine serum (FBS) without methotrexate (MTX) . 

TABLE 3 

Formulation for medium WCM4, 

Iscoves modification of DMEM without BSA, transferrin and 
lecithin. Available from GIBCO Ltd., Unit 4, Cowley Mill Td. 
Est., Uxbridge UBS 27G. Similar to published medium (Iscoves and 
Melcher (1978) J. Exp^ Med. 1. 47. 923) without the bovine serum 
albumin, pure human tranferrin, or soyabean lecithin. 





5 ml/litre 


200mM L glutamine 


+ 


50 mg/litre 


L proline 


+ 


50 mg/litre 


L threonine 


+ 


50 mg/litre 


L methionine 


+ ' 


50 mg/litre 


L cysteine 


.+ 


50 mg/litre 


L tyrosine 




25 mg. litre 


ascorbic acid 




0.062 mg. litre 


vitamin B6 




1.36 mg. litre 


vitamin B12 


+ 


- 0.2 mg/litre 


lipoic acid 
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0.088 mg/Iltre 


methyl linoleate 


+ 


1/iH 


methotrexate 


+ 


1 mg/litre 


FeSO^ 


+ 


1 mg/litre 


ZnSO, 
4 


+ 


0.0025 mg/litre 


CuSO, 


+ 


5 mg/litre 


recombinant insulin (Nucellin) 


+ 


50,000 lu/litre 


polymyxin 


+ 


20,000 lu/litre 


neomycin - - 


+ 


0.16 mg/litre 


putrescine-2 HCL. 



Three 25cm flasks were set up with 10ml of cell suspension + 
hypoxanthine (H)-, -thymidine' : (T^, o.r KT. These" flasks were Incubated at 
36.5^C in 5% CO^ Incubator. 

After six days, the flasks were pooled and added to an equal volume of 

2 

VGH4 + MIX without peptone or PEG, and were transferred to a 75cm 
flask. 

These cells were used to seed a 500ml Techner spinner, incubated at 
36.5^C spinning at 40 rpm. Cells continued growing sertun free for a 
period of over five months and although it was found that the cells 
needed a period of adaptation, the growth rate and viability steadily 
improved. The population doubling time was calculated to be 73.1 
hours over approximately 7 weeks; this decreased to 47.4 hours over 
the sxjbsequent 20 days then stabilised. Antibody secretion remained 
high at levels in excess of 60 ;ig/ml. It was determined that the gene 
copy number in these cells did not decrease according to band 
intensity using Northern blot analysis. 

In fermenters, these cells produced antibody in excess of 70pg/ml and 
regularly achieve -levels of lOO/ig/ml or more. These cells- are denoted 
CIH 3D11* 44. 

b) Cells from a) above which had been growing serum- free for over 2 
months were transferred to a SCi 1 litre ferraenter with a stainless 
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steel angled paddle turning at 70rpm. The temperature was set at 
37^C, dO^ at 10% and pH control to 7-7.2. The fermenter was seeded on 
day 0 with 0.22 x 10^ cells/ml in WCM4 (Table 3) with 0.1% 
polyethylene glycol (PEG) 10,000 and 0.25% soy peptone, and was top 
gassed with O^. The cells were routinely passaged using fresh medium 
and a split rate typically between 1 to 2 and 1 to 4. 

On day 33 the top gassing was replaced with deep sparging which is can 
be expected to cause more physical damage to the cells. 

-Om-day. 50 ,onwai:ds.'^CM5 (Table 4) -was used together with peptone and 
. PEa instead 7ofTWCM4-" 

TABLE 4 

Formulation for Medi^^ UCM5 

Iscoves modification of DHEM without BSA, transferrin or lecithin 
(see Table 3). 



+ 


5 ml/litre 


200inH L glutamine 


+ . 


50 mg/licre . . 


L proline 


+ 


50 mg/lltre 


L threonine 


+ 


50 mg/litre 


L methionine 


+ 


50 mg/lltre 


L cysteine 


+ 


50 mg/litre 


L tyrosine 


+ 


25 mg/litre 


L ascorbic acid 


+ 


0.062 mg. litre 


Vitamin B6 


+ 


'1.36 mg. litre 


Vitamin B12 


+ 


2 mg/litre 


Ferric citrate 




1 mg/litre 


Zinc sulphate 


+ 


0.0025 mg.lit 


Copper sulphate 


+ 


50.000 lU/litre 


Polymyxin 


+ 


20,000 lU/litre 


Neomycin 


+ ■ 


3 /»l/litre 


Ethanolamine 
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+ 0.16 mg/lltre Putrescine 

+ 5 mg/litre Recombinant Insulin (Nucellin) 

On day 53 the PEG was replaced with 0.1% pluronic F68 . The resulting 
growth and antibody levels achieved are shown the the attached graphs 
(Figs 4 and 5), and demonstrate the capacity of the invention to allow 
protein- free production of antibody in excess of 100/ig/ml in 
f ermenters . , ■ . 

E3CAMPLE 5: Analysis of the Rate of Camnath-IH Synthesis and Secretion 
from CHO Cells: 

During the course of culturing the Campath-IH producing CHO cells of 
Example 3, it became clear that even when they reached confluence, 
antibody levels continued to accumulate, with time, in the culture 
medium. To determine whether this was possibly a consequence of 
intracellular acctimulation coupled to slow secretion, the rates of 
Campath-lH synthesis and secretion were measured using A39 cells. 
These analyses were performed over 3-4 consecutive days on cells which 
were either in growth phase, or confluent stationary phase. For the 
cells in either growth state, the results were identical, and data is 
presented only for the immuno -precipitated radiolabelled Campath-IH 
produced from stationary cells. 

The rate of antibody synthesis was measured by pulsing the cells for a 
short period with [S^^l -methionine on each of four consecutive days, 
and then examining the quantity, and distribution, of 
immuno -precipitated material. In Figure 2, it is clear that the rate 
of synthesis is equally high at all time points measured. 
Furthermore, even by the end of this short pulse, in each case, more 
than half of the -newly synthesized .Campath-IH is already, present in 
the medium suggesting rapid secretion. This was confixrmed by the data 
shown in Figure 3, in which parallel cells were similarly pulsed, and 
the distribution of the radiolabelled Campath-IH chased over a three 
day period. Within 24 hours, virtually all of the cellular 
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radiolabelled antibody has been chased into the nedivim, where it 
remained stable for the duration of the experiment. This demonstrates 
that even when the recombinant CHO cells remain stationary for long 
periods, the rates of Campath-IH synthesis and secretion are not 
diminished. 

Campath-IH ELISA assay. Microti ter plates were coated with ant 1 -human 
IgG and incubated with the assay sample (in culture medium). Antibody 
detection was visualized by using an anti -human gamma chain specific 
peroxidase conjugate. 

.Ana-lysiSnrOf-rates ,pf Campath-IH synthesis and secretion. . Cells from 
Example 3 were grown to confluence in 3cm tissue culture wells, then 
incxibated for 30 minutes in methionine -free Pulbeccos's MEM containing 
10% fetal calf serum. Following this, the cells were labelled in the 
presence of 120pCi/ml [^^S] methionine (>800Ci/mmol; Amersham) for the 
appropriate time period, then either harvested and lysed in 500/il of 
NF-40 lysis buffer, or incubated further in normal growth medium. 
Then 125^1 aliquots of cell lysate or culture medium were 
immuno-precipitated using goat anti-human IgG (heavy chain specific; 
Sigma) and 10% protein- A Sepharose (Pharmacia) . Samples were then 
separated on 10% SDS-PAGE reducing gels according to Laemmli and the 
signals amplified with Enhance (NEN-Dupont) . The dried gels were then 
autoradlographed overnight. 

Biological assays for functional CHO- glvcosvlated Camoath IH 
Complement Ivsis assay for Camnath IH 

The complement lysis assay is a measure of antibody function expressed 
as specific activity, determined by the ability of a CHO -glycosylated 
antibody of known concentration to bind to a pre -determined number of 
cells and effect cell lysis. 



NJBM/LB/30th September. 1991. 



- 23 - 



PA1195 



The assay is carried out on Campath IH from Example 4 using Karpas 422 
cells (established from B-cell non-Hodgktn lymphoma cell line - Dyer 
et al. , (1990) Blood, 704-714) expressing Campath antigen on the 
cell surface- 1.2 x 10^ cells were loaded with radiolabel by 
incubating for 2 hours at 37°C in a CO^ incubator in the presence of 
600/fCi of 51Cr (sodium chr ornate) . 

5.3 ml of the loaded cells in medium (total volume 23.5ml), were added 
to 12.5ml of normal human serum and 150;il of the mixture were pipetted 
into the wells of a microtitre plate. 

50|il samples of -.the final eluate from three purification runs were 
mixed with the cells and incubated for 30 minutes at 4°C followed by 
90 minutes at 37^C. The culture was centrtfuged at 2000 rpm for 5 
minutes and the radioactivity in 100/il of cell supernatant was counted 
on a gamma counter. Complement lysis activity in Kilo Units/ml was 
calculated from a standard curve of a reference preparation (1000 
Units/ml) . 

The results are set out in Table 5. 

The concentration of Campath IH in the 50/il samples of final eluate 
was estimated using samples in PBS pH 7.2 read on a spectrophotometer 
at 280nm. The results are expressed in Table 3 as optical density in 
mg/ml . 

From this data the specific activity: KU/ml is determined. 

OD 



Sample 



A 



I^BLE.^ 

ComplemBnt Ivsis ■ - 
Ulo Ur>its/ml 
11.2 



Protein- Cone 
m g/ml 
11.1 



Specific 
Activity 



1.0 



B 



14.8 



14.2 



1,0 



C 



13.7 



13.6 



1-0 
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The results Indicate that CHO- glycosylated Cainpath IH Is functional. 

Treatment of an Individual vlt h CHO-glYCOsvlated Camoath IH 

An individual diagnosed as having severe T-cell mediated inf lammation 
of the Joints (immobilising polyarthritis, pleuritis, abdominal pains) 
over five years requiring long periods of hospitalisation was treated 
with CHO derived Campath IH from Example 4 using- the following regime: 

2mg per day over 6 days by intravenous injection 
-10 -mg-per day oyer- subsequent 6 days by intravenous .Injection. 

During the second 6 day treatment there was a significant symptomatic 
improvement. By the end of the second period the joint inflammation 
was much improved and a. skin abscess had cleared with antibiotic 
treatment. Thirty days after the end of the treatment the individual 
was discharged. 

Approximately 9 months after the initial treatment, the. individual 
suffered a relapse with multiple joint involvement. After initial 
testing for sensitivity with a low dose, the individual was given a 
further course of treatment with lOmg/day Campath IH for 10 days with 
significant improvement. 

gmPRESSIOW OF HUMANISEP AlgTI-CP 4 ANTIBODY FROM CHO CELLS 

Construction of the exoression vector oBan l! modification of p342*12 

The complementarily determining regions from a rat IgG2b raised 
against human CD4 (The New England Journal of Medicine 1990 221 • 
. 250-254)- were grafted onto human heavy and light chain frameworks 
(Winter e£ fil, Nature, 1988, 22Z 323-327). 
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The cDKA encoding the humanised CD4 light chain was cloned into pLD9 
[Page and Sydenham, H,A. 1991 Biotechnology 9 64-68). The resulting 
plasmid was designated p2110. The humanised CD4 heavy chain was 
sequenced and cloned into a modified version of plasmid p342-12 [Law 
M-F., Byrne. J.C. and Hinley. P.H. 1983 Mol. Cell. Biol. 3 2110-2115). 
Plasmid p342-12 was digested with BamH l to remove the 7.4kbp fragment 
containing part of the BPV-1 genome. The backbone containing the 
/9-lactamase gene and the neomycin resistance gene under the control of 
the mo\ise metallothionine promoter was purified and religated at the 
fiS^l site. This plasmid was digested with MaPIlI. incubated with 
the large fragment of DNA polymerase I to remove the Hii^III site and 
then religated. The ^-actin expression cassette, containing the 
^-actin promoter immediately upstream of a unique UinDIII site 
followed by the polyadenylation signal, was cloned into the BaJSHI site 
of the modified p342-12 plasmid to generate pBanl. 

Plasmid pBanl, therefore, consisted of the neomycin resistance gene, 
the ^-lactamase gene and the ^-actin expression cassette containing 
the unique HinDIII site. The cDNA encoding the humanised heavy chain 
was cloned into this site and the resulting plasmid containing the 
correctly orientated insert was designated pBanCD4H. Thus, p2110 and 
pBanCD4H contained a different selectable marker and co-transfection 
into recipient dhfr- CHO cells would permit the direct selection and 
isolation of dhfrVneo^ colonies. Cells exhibiting this phenotype 
should express functional antiCD4 antibody and could be amplified to 
elevate the antibody titres. 

Expression of antl-CD4 antibody in CH O cells 
a) Cell culture methods. 

The dhfr- CHO line DUK-Bll [Urlaub, G. and Chasin, L.A. 1980 
Proc. Natl. Acad. Sci. USA 77 4216-4220] was propagated in Iscoves 
MEM medium supplemented with 10% foetal bovine serum and 4Mg each 
of hypoxanUiine and thymidine (all Flow). After transfection, 
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transformants were selected in the mediun described above except 
that the hypoxanthine/thynidine were omitted and dialysed foetal 
bovine serum was used. In addition, G418 was included at 
500/^g/ml. To induce spontaneous amplification of sequences 
containing and flanking the dhfr gene, MIX was added to a 
concentration of 0.1/iH. 

b) Transfection and amplification 

The dhfr- CHO cell line DUK-Bll was co-transf acted with Spg of 

- — p2110_and^5|ig of-pBanCD4H using -the trans fee tam reagent under the 

-conditions recommended by -the manufacturer. Transformants were 
selected for the dhfr /neo phenotype as described above. 
Several hundreds of transformants were observed and pooled. 
Initital titres indicated that the first rovuid basal 
transformants were secreting about 0 . 1/ig/ml/day . This pooled 
population was then cultured in the presence of 0.1/iH MTX for 
about 14 days. Resistant colonies were again pooled and assayed. 
Expression had increased some 100 fold, the pooled, amplified 
' colonies producing about 10-12pg/ml/day . In -order to obtain 
stable, clonal cell lines giving high antibody titres, the 
resistant pools were cloned by limiting dilution in 96-well 
plates. Fifty single colonies were identified and assayed and 
the four lines giving the highest titres propagated. This 
" -process of identifying highly expressing clones within the 
resistant population produced a line designated D419 which 
expressed the anti-CD4 antibody at about 20/ig/ml/day. 

+ r 

Characterisation of dhfr /neo cell lines 

- i-)- Determination of copy number and . steady state transcription 
levels by slot blot analysis of DNA and RNA. 

Vhole cell BMA and DNA. was prepared from the various stages of 
amplification as described by Haniatis et £l. [1982 Molecular 
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Cloning. A Laboratory Manual. Cold Spring Harbour Laboratory, 

Cold Spring Harbour. New York], After fixing onto nitrocellulose 

32 

filters, the nucleic acids were probed with [ -P]-aATP labelled 
DNA sequences of the heavy chain, the dhfr gene and the ^-actin 
gene as a control "housekeeping" gene to eliminate artifacts due 
to loading errors. 

Initi tally, the uncloned O.l/iM MTX, amplified pool was compared to 
th^ first round unamplified trans formants and the untrans formed 
parental Bll cells, with the probes described. Accordingly, no 
DNA signal was detected, in the parental line when probed with the 
heavy, chain but a. weak signal was detected.±or dhfr. This is due 
to the single, non- functional dhfr allele in the Bll cell line. 
As a result, no RNA signal was detected with either probe. In 
contrast, a strong signal was detected with both probes on RNA 
and DNA in the primary transformants which reflects the start of 
expression. A very significant increase in copy number and 
steady state levels of RNA of heavy chain and dhfr is observed in 
the uncloned amplified pool. This accurately correlates with the 
observed increase In expression. Steady state levels of ^-actin 
RNA were consistent in all three lines examined. 

A similar comparison was made between the four highest expressing 
cloned cell lines. A strong signal was detected on both the RNA 
and the Dl«i - blots. However, although the DAl9 line was 
expressing twice as much antibody as a line designated D423, this 
difference was not in either the copy number or steady state 
levels of RNA, There are two possible explanations for this 
observation; the first is that the DNA in the DA19 line has 
integrated at a site in the genome at which it is under the 
Influence of an enhancer. However, this presumably would be 
reflected in elevated levels of RNA. The more likely explanation 
Is that in th.e replication and duplication of the tandem arrays 
in the line D423, some of the copies of the dhfr/antibody 
cassette have undergone re -arrangement and are non- functional and 
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truncated. This is not uncommon since the site of integration of 
heterologous genes Is often at breakpoints in the chromosomes 
such as telomeres which are known to be "hot spots" for such 
re -arrangements. This could be resolved by Northern and Southern 
analysis. 

ii) Protein synthesis and secretion of antl-CD 4 antibody in the — 
line 

35 

The clonal D419 line was labelled with S -methionine and 
---^-.^ystjBlne.and the intracellular and secreted antibody extracted by 
-^immunopreci-pitation with - -appropriate antibodies. Following 
electrophoresis on reducing SDS-PAGE gels, the gels were dried 
and the signal detected by autoradiography. 

It was clear from the result that both heavy and light chain are 
efficiently synthesised. Intracellularly. there need not be sto 
chiometry between heavy and light chains since the two associate 
as they pass through the secretory organelles. However, close 
stochiometry is observed in the secreted material. 
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CLAIMS 

A CHO cell- line capable of producing antibody, the cell -line 
having been co-transfected with a vector capable of expressing 
the light chain of the antibody and a vector capable of 
expressing the heavy chain of the antibody wherein the vectors 
contain independently selectable markers. 

A CHO cell > line capable of producing a human antibody or an 
altered antibody, the cell- line having been co-transfected with a 
vector containing cDNA encoding the light chain of the antibody 
and a vector containing cDNA encoding the heavy chain of the 
antibody wherein said vectors are capable of expressing the heavy 
and light chains. 

3. A CHO cell-line as claimed in Claim 2 wherein the vectors contain 
independently selectable markers. 

4. A CHO cell -line as claimed in any of Claims 1-3 wherein one of 
the markers is dominant. 

5. A CHO cell -line as claimed in any of Claims 1-4 wherein the 
markers are selected from: adenosine deaminase. asparagine 
synthetase, E.Coli trpBgene, Sfllmonella hisDgene, M2 JDouse 
ribonncleotide reductase, human multidrug resistance gene, 
glutamine synthetase, xanthine guanine phosphoribosyl 
transferase, hygromycin B, neomycin gene, dihydofolate reductase 
and neomycin. 

6. A CHO cell-line as claimed in any of Claims 1-5 wherein one of 
the markers provides a basis for amplification. 

7. A CHO cell- line as claimed in any of Claims 1-6 * wherein the 
cell- line is dhfr'phenot3rpe and one of the markers is dhfr. 
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8. A CHO cell- line as claimed in Claim 7 wherein the second marker 
is neomycin. 

9. A CHO cell -line as claimed in Claims 1 or 2 wherein the antibody 
is a chimaeric or a CDR- grafted antibody. 

10. A CHO cell-line as claimed in either of Claims 1 or 2' capable of 
producing an antibody against a T-cell marker or a tumour cell 
marker . 

11. A CHO cell -line as claimed in Claim 10 wherein the antibody is 
raised against an antigen selected from CD2. CD3, CD4, CD5, CD7, 
CDS, CDlla, CDllb. CD18. CD19, CD25, CD33, CD38, CDw52 and CD54. 

12. A CHO cell- line as claimed in Claim 11 capable of producing an 
anti-CD^52 antibody. 

13. A human or altered antibody, except a CDR- grafted anti-CD4 
antibody, having CHO glycosylation. 

14. An antibody as claimed in Claim 13 wherein the altered antibody 
is a chimaeric or a CDR-grafted antibody. 

15. An antibody as claimed in Claim 14 which is anti-CD^52 
antibody. 

16. A process for the preparation of an antibody as defined in any of 
Claims 13 to 15 comprising culturing a CHO cell engineered to 
express the antibody and recovering the antibody from the culture 
medium. 

17. An antibody as defined in any of Claims 13 to 15 for use in 
therapy. 
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18. Use of an antibody as defined in any of Claims 13 to 15 in the 
manufacture of a medicament for immunosuppression. 

19. Use of an antibody as claimed in Claim IB for the treatment of 
T-cell mediated disorders. severe vasculitis, rheumatoid 
arthritis, systemic lupis. multiple sclerosis, graft vs. host 
disease, psoriarsis. juvenile onset diabetes, Sjorgren's disease, 
thyroid disease, myasthenia gravis, transplant rejection or 
asthma . 

20. Use of an antibody as defined in any of Claims 13 to 15 in the 
manufacture of a medicament for the treatment of cancer. 

21. Use of antibody as claimed in any of Claims 18 to 20 wherein the 
antibody is an anti-CD^52 antibody. 

22. Use of an antibody as defined in any of Claims 13 to 15 In the 
manufacture of a medicament for the treatment of infectious 
diseases . 

23. A formulation containing a CHO-glycosylated antibody as defined 
in any of Claims 13 to 15 and a physiologically acceptable 
diluent or carrier. 
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